Enzymes have attracted potential applications in both medicine and biotechnology. In our 
Enzymes have attracted great attention in biomaterials education because they offer 35 very important industrial applications. In nature, the application of enzymes would increase 36 drastically if we can able to regulate their enzymatic activity. There are several techniques 37
have been developed such as metal dependent switch for regulating the enzymatic activity, 1 38 by introducing temperature 2 and photo 3 responsive polymers to the active site of enzymes, 39 whose activity was then switched by changes in temperature and light conditions, enzyme-40 polymer hybrids, which are created by nonspecific 4 or specific 5 site-directed modifications of 41 synthetic polymers, etc. However, metal binding site or polymers into the enzymes at the 42 active site or to the enzyme surface is required for these technologies. Tailored nanoparticle  43 surface is another way to control the enzymatic activity 6 although tailoring of the 44 nanoparticle or conjugation with polymers is required which makes a complex process such 45 as combination of the several preparative steps. It is noteworthy to note that the cost effective 46 and easy procedure is long awaited. As reported on several previous studies 6, 7, 8 The enzymatic activity of lysozyme was measured based on bacteriolysis reaction with 76 M. lysodeikticus. 8 Lysozyme concentration was determined by measuring the absorbance at 77 280 nm with an appropriate blank, using an extinction coefficient of 2.63 mL mg -1 cm -1 . 13 M. 78 lysodeikticus suspension (substrate solution) was prepared by mixing 0.5 mg/mL of M. 79 lysodeiktictus with 50 mM sodium phosphate buffer at pH 7.0. All the stock solution for 80 additives and protein were dissolved in 50 mM phosphate buffer solution (pH 7.0). A 10 μL 81 aliquot of the sample was added to a 1490 μL of M. lysodeikticus solution and decrease in 82 turbidity of the solution was monitored at 600 nm for 60 s using a UV-vis spectrophotometer 83 model V-550 (Japan Spectroscopic Co., Tokyo, Japan) at room temperature. The absorbance 84 decay plots from 10 to 20 sec were fitted to a linear equation and then the enzymatic 85 activities were determined from the slope of the fitted line. 
96
Hen egg white lysozyme (pI=9.20 15 ) was used as the model enzyme in this study. In our 95 previous study, it was found that the enzymatic activity of lysozyme was suppressed by 96 PEAMA-g-PEG (pK a 7.4
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) owing to capping of the active site of 97 lysozyme, which involved an electrostatic interaction between the negatively charged active 98 site of lysozyme and the positively charged amine moiety of PEAMA-g-PEG at neutral pH.
99
Moreover, it was anticipated that hydrophobic interaction may take part for the formation of 100 PEAMA-g-PEG/lysozyme complex. It is observed that PEG-MA had almost no effect on the 101 enzymatic activity of lysozyme. 11 PAMA-g-PEG was used in the present study and compared 102 with PEAMA-g-PEG due to the difference in their hydrophobic factor (di-ethyl and di-methyl 103 groups respectively). Figure 2 shows the enzymatic activity of lysozyme in the presence of a synthetic polymer, 118
PAMA-g-PEG. The polycation PAMA-g-PEG showed a significant effect on the enzymatic 119 activity of lysozyme when mixed with lysozyme. 120 The enzymatic activity was suppressed in the presence of PAMA-g-PEG. As 125 comparing the present findings with the previous results, it is observed that the rate of 126 lysozyme inactivation by PEAMA-g-PEG is powerful than PAMA-g-PEG. For example, at 127 the 10 mg/mL concentration of PEAMA-g-PEG, the lysozyme activity is disappeared 128 (0.12±2.81%) 11 but at the same concentration of PAMA-g-PEG, the lysozyme activity is still 129 remaining (20.59±2.61%). The same data obtained in the every concentration of PAMA-g-130 PEG used in this experiment. These finding indicate that PAMA-g-PEG interact with 131 lysozyme weakly than PEAMA-g-PEG due to the low hydrophobic factor which means that 132 hydrophobic interaction also take part to form polyamine-PEG copolymers with lysozyme. It 133 is noteworthy to mention that we showed that PEAMA-g-PEG prevents heat inactivation of 134 another enzyme, ribonuclease A (RNase A), which has a positive net charge at neutral pH 135 and a positively charged active site which is opposite to that of lysozyme 16 . Regarding the 136 enzymatic activity of RNase A, PEAMA-g-PEG had negligible effects under the present 137 experimental conditions 16 . These findings suggest that the involvement of an electrostatic 138 repulsion between the positively charged active site of RNase A and positively charged 139 amine moiety of PEAMA-g-PEG. As a result, the enzymatic activity was remained close to 140 100% as does native RNase A (See Figure 2a ) 16 . Taken together, it can be noticed that 141 electrostatic attraction is one of the dominant factor to form PAMA-g-PEG/lysozyme 142 complex due to the presence of negatively charged active site lysozyme and positively 143 charged amine moiety of graft copolymers. So that electrostatic interaction coupled with 144 hydrophobic interaction might play the key role for the complexation. These results illustrate 145 that the interaction between PAMA-g-PEG and lysozyme is weaker than between PEAMA-g-146 PEG and lysozyme due to the presence of low hydrophobic factor in the case of PAMA-g-147 PEG (di-methyl) than PEAMA-g-PEG (di-ethyl). It is suggested that the complexation can be 148 accomplished by the interaction between PEAMA/PAMA segment and amino acid residues 149 on the enzyme surface and active site, whereby the hydrophobic and electrostatic interactions 150 In order to obtain information on the conformational change in the complexation step of 157 lysozyme with PAMA-g-PEG, a CD spectrum of the lysozyme and its polymer complex was 158 obtained (Figure 3 ). Secondary structure of protein reflects from the far-UV CD spectrum. Since PAMA-g-PEG has a positively charged segment at neutral pH, it is suggested 165 that the electrostatic interaction between the negatively charged residues at the active site of 166 lysozyme and the amine segments of PAMA-g-PEG leads to the inhibition of the substrate 167 attack into the active site of lysozyme, resulting in a decrease in lysozyme activity. The 168 hydrophobic interactions also play the key role here. These results indicate that PAMA-g-169 PEG interacted with lysozyme effectively, resulting in the inactivation of its enzymatic 170 activity, but that the structure of lysozyme was maintained in the lysozyme/PAMA-g-PEG 171
complex. 172 All samples contained 0.5 mg/mL lysozyme with 10 mg/mL 176 PAMA-g-PEG, and measurements were carried out at room 177 temperature and pH 7.0. 178 179
In our previous article, we showed that the enzymatic activity of lysozyme in the 180 lysozyme/PEAMA-g-PEG complex completely recovered to the level of the native lysozyme 181 upon the addition of PAAc. 11 These results indicate that the lysozyme was released from the 182 lysozyme/PEAMA-g-PEG complex due to the poly-ion complex (PIC) 18, 19 formation of 183 PEAMA-g-PEG with PAAc. In order to evaluate again, the electrostatic interaction between 184 lysozyme with PAMA-g-PEG, an exchange reaction with the anionic polymer PAAc was 185 carried out and the variations in the enzymatic activity of the lysozyme/PAMA-g-PEG 186 complex were monitored is as shown in Figure 4 . It was observed again that the enzymatic 187 activity of the lysozyme in the complex recovered upon the addition of PAAc. 
